Abstract A series of 91 patients (59 males, 32 females, mean age 41 years) with middle-shaft clavicle fracture were assessed at a mean of 8.7 years after injury. Based on Allman's classification, fractures were placed in group Ia, Ib and Ic. The majority (66%) were allocated to groups Ib or Ic. Clinical evaluation was made using the Constant score and simple shoulder test. On post-injury radiographs, we measured the amount of overlapping of the fracture fragments (OV) both in centimetres and as percentage of the length of the clavicle and the mean distance between cranio-caudally displaced fragments (DS). The mean Constant scores were 87.1% and 85.6% in groups Ib and Ic, respectively. In patients with a Constant score ≥90%, the mean OV was 7.7% and the average DS was 1.59 cm. In those with a Constant score of 81-89% the average OV and DS were 12% and 1.6 cm, respectively, with the greatest OV being 12.9. In the nine patients whose Constant score was ≥80% the mean OV was 13.2 and the average DS was 1.7; however, the majority of patients had an OV>15% and DS≥2 cm. In these nine patients the mean Constant score was significantly lower than that in the group with a score of ≥90%. The simple shoulder test showed that 20% of patients were dissatisfied with the outcome; a low score was associated with a severe degree of OV or DS. Fracture nonunion occurred in five cases (5.5%). We conclude that there is a clear-cut indication for surgery in patients with OV≥15% or DS≥2.3 cm as well as in those with an OV≥ 13% associated with a DS≥2 cm. This holds particularly for young and middle-aged patients.
Introduction
Clavicle fractures are frequent injuries, accounting for about 3% of all fractures [1] [2] [3] , and are more common in young, active individuals. Fractures of the midshaft are the most common, representing approximately 75% of all clavicle fractures [2] [3] [4] [5] , and many of them are displaced.
In the past, these fractures were almost always treated nonoperatively based on studies reporting a very low incidence of nonunion following conservative management [4] [5] [6] . However, recent studies [8, 9] have found nonunion following conservative treatment to be significantly higher than previously reported, whereas other studies have stressed the functional impairment related to clavicle shortening and malunion, residual skeletal deformity and weakness of the injured shoulder girdle, as well as the possible persistence of local pain [3] [4] [5] [6] [7] [8] [9] [10] . It is therefore still unclear if in displaced midshaft fractures conservative treatment remains the treatment of choice except for very selected cases, or whether the indication for open reduction and internal fixation (ORIF) should be enlarged.
The purpose of this study was to analyse the long-term outcome in a series of patients with midshaft clavicle fractures treated conservatively to evaluate the clinical results in terms of shoulder function and patient's satisfaction as well as the incidence of nonunion or malunion.
Materials and methods
We performed a retrospective study on a consecutive series of 19,240 patients with all kinds of fractures seen in the emergency departments of University Sapienza of Rome between 1996 and 2006. In this series there were 481 patients with clavicle fracture (2.5%).
Based on the Allman's method [11] , clavicle fractures were distributed in three groups and 3 sub-groups. Group I, corresponding to midshaft fractures, includes sub-group Ia (undisplaced fractures), Ib (displaced fractures) and Ic (displaced fractures with a third bone fragment). Group II and III correspond to fractures of the lateral and medial third of the clavicle, respectively. Of the 481 clavicle fractures, 81% were included in group I, and the remainder in group II (17.1%) or III (2.1%). In group I, the mechanism of injury included motor vehicle accidents, any type of falls, sport injuries, work accidents and injuries of unknown aetiology; males were more frequently involved than females.
In addition to group II and III fractures, we excluded from the study: patients with associated fractures of the ipsilateral shoulder girdle or local vascular injuries; children aged 12 years or less and patients older than 70 years; open, or pathological, fractures; clavicle fractures that had been treated operatively; fractures associated with dislocation of A-C or S-C joint; and patients with neurological deficits in the upper ipsilateral limb or head injuries.
There were 119 patients who were eligible for the study; however, 28 were lost to follow-up. Thus, the study group consisted of 91 patients (59 men and 32 women with a mean age of 41 years), all treated with a sling or a figureof-eight-bandage for at least four weeks, except for one patient immobilised for only three weeks. The left side was involved in 58.8% of cases. Of the 91 patients, 23 were included in group Ia, 46 in group Ib and 22 in group Ic. The majority of patients in groups Ib and Ic sustained the fracture following a high-energy trauma and their mean age (36.9 years) was the lowest in the entire group I.
The patients, initially seen and provisionally treated at the Emergency Department, were sent to the Orthopaedic Department for the continuation of treatment. In the latter department, they were seen at one, four and eight weeks or until the radiographs showed healing of the fracture or clear evidence of pseudarthosis. For the purpose of this study, the patients were evaluated at a mean of 8.7 years after injury. Anteroposterior and 30°caudal tilt radiographs at a distance of 1.2 m between patient and the source of the X-ray beam were obtained at each early follow-up evaluation. At the latest follow-up, in addition to the anteroposterior radiograph of the involved clavicle, an anteroposterior chest radiograph was carried out to measure the length of the uninjured clavicle. In two patients with hypertrophic nonunion, CT of the clavicle was carried out to better visualise the defective bone healing. The patients were examined by one of the authors not involved in the initial treatment, using the Constant and Murley method and the simple shoulder test (SST). The radiographs were examined by all three authors and when disagreement emerged regarding the interpretation of the radiographic findings, the final evaluation was based on the majority opinion. The fracture was considered to be healed when no mobility of the fracture ends was present and continuous bridging callus was visible on radiographs.
At the latest follow-up, based on the radiographs obtained one week after injury, we distributed displaced fractures of group Ib or Ic in two groups: those with an overlapping of the fracture fragments (OV) and those with displacement of the fragments in the cranio-caudal direction (DS). Both the OV and DS were measured in millimetres. In addition, we evaluated the amount of OV as a percentage of the length of the clavicle, calculated by summing the length of the two fracture fragments. We considered fractures in which the fracture fragments were separated by a distance of 3 mm or more as cranio-caudally displaced.
In the presence of a third fragment, only the two main fracture fragments were considered.
Statistical analysis was performed with the Student t and Wilcoxon signed rank tests. A p value of 0.05 or less was considered as significant.
Results
Of the patients in group Ia, only one had occasional pain in the clavicle region and complained of mild weakness of the involved arm. The mean Constant score in this group was 97.7%.
In groups Ib and Ic, the average Constant score was 87.1% and 85.6%, respectively. The mean shortening of the fractured clavicle was 14.1 mm (±8.9 mm) in males and 10.9 mm (±7.8 mm) in females. The mean length of the contralateral clavicle was 15.8 cm in males and 13.1 cm in females.
In the 55 patients in group Ib or Ic with a Constant score ≥90%, the mean OV was 1.16 cm corresponding to 7.7% of the mean length of the clavicle, while the mean DS was 1.59 cm. In the group of five patients with a Constant score of 81-89% there were three men and two women ( Table 1 , Fig. 1 ). Men had an average OV of 11.4% of the mean length of the clavicle and a mean DS of 2 cm, while women had a mean OV of 12.8% and a mean DS of 1 cm; overall the mean OV and DS were 12% and 1.6 cm, respectively. The nine cases with a Constant score ≤80% had the greatest mean OV (13.2%) or DS (1.7 cm). Namely, the six men in the group had a mean OV of 13.8% of the average length of the clavicle and a mean DS of 1.5 cm, while the corresponding figures in the three women were 11.9% and 2.1 cm. However, the majority of these patients had a OV>15% and a DS≥2 cm (Table 1) . A significant difference was found between the mean Constant score of the latter patients and that of the group with a score of ≥90% (p<0.05).
The shoulder range of motion in group Ia was similar on the two sides. In groups Ib and Ic, the mean range of motion on the injured side was 165°in flexion, 138°in abduction, 68°in external rotation and T12 in posterior internal rotation. Compared with the contralateral side, there was a mean loss of 5°in flexion, 13°in abduction, 6°i n external rotation and one level in internal rotation.
Of the patients in groups Ib or Ic, 20% (six in group Ib, five in group Ic) were dissatisfied with the outcome, with a score ≤8 in the SST ( Table 2 ). The difference in the mean score between the latter patients and the remaining patients in group Ib or Ic was statistically significant (p<0.05).The lowest scores were found in patients with severe OV and/or DS. The reasons for dissatisfaction included a decreased range of shoulder motion, sensation of weakness of the arm, pain on the clavicle or shoulder joint and/or a poor cosmetic result (Fig. 1) . The most frequent reasons for dissatisfaction were pain on the site of fracture and shoulder dysfunction in males, and cosmetic defects in females ( Table 2 ).
The presence of a third fragment was not found to predispose to failure of fracture healing (Fig. 1) .
Nonunions
Nonunion occurred in five patients (5.5%), three women and two men, with a mean age of 56 years, who had a fracture of group Ib or Ic. Nonunions were hypertrophic in two cases and atrophic in three (Fig. 2) . One of the latter was the patient who was immobilised for only three weeks after injury. The mean constant score was 81% in patients with hypertrophic nonunion and 77% in those with the atrophic type (Table 3 ). In one case of the latter group, the constant score reached 88% (Fig. 2) . The mean DS in the postinjury radiographs was 1.40 cm in those with nonunion compared with 1.95 cm 
Discussion
There is a complete agreement in the literature [4, 6, 9] on the indication for conservative treatment in undisplaced, uncomplicated fractures of the middle third of the clavicle. This is also supported by our study, in which the vast majority of patients were found to have excellent results.
Until recently, displaced fractures of the clavicle midshaft were also routinely treated with conservative measures based on several clinical trials [1, 4, 6] , reporting that unsatisfactory results and complications, particularly nonunion, occurred rarely following conservative management. However, more recent studies have shown that the prevalence of nonunions following nonoperative management is higher than previously reported, ranging from 5% to 15% [8, 9] . These findings and the results of trials comparing patients treated either surgically or conservatively in whom better clinical results and less pseudarthroses were found in those undergoing surgery have led to an increase in the use of ORIF in the last few years [13, 14] . However, some guidelines are still needed to clarify when displaced fractures should be treated surgically and how much displacement can be considered acceptable for nonoperative management.
In this study we found that in the group of patients with the mean Constant score ≥90%, the average overlapping of the fracture fragments was 1.16 cm, and 1.59 cm was the mean cranio-caudal distance between the displaced fragments. Conversely, those with a Constant score ≤80% had the most severe mean overlapping or displacement of the fracture fragments, with the majority showing an overlapping >15% or displacement >2 cm. Previous studies have shown that overlapping of the fragments leading to shortening of the clavicle by 2 cm or more might be an indication for surgery [8, 12, 15] . However, in these trials no correlation was made between the original length of the clavicle and the percentage of its shortening following fracture. It is conceivable, in fact, that in a very long clavicle (tall individuals) 2 cm may have less mechanical effect than the same amount of shortening in a short clavicle (short women). We therefore calculated not only the absolute amount of shortening, but also the percentage of overlapping of the fracture fragments, and thus the shortening of the clavicle. The mean Constant score in the group of patients with the greatest mean shortening of the involved clavicle was matched with the score in the group of patients with less severe clavicle shortening. It was found that the mean Constant score was significantly lower in the former group. Similar results were found in patients with displacement of the fracture fragments greater than 2 cm. In particular, we found the lowest score with the Constant method and the SST in patients showing an OV≥15% or a DS≥2.3 cm as well as in those with an OV>13% associated to a DS>2 cm.
One of the most frequent reasons for patient's dissatisfaction with the result of conservative treatment was a poor cosmetic appearance, which emerged particularly among women. The fractures that tend to give the worst cosmetic results are those with a wide gap between the bone fragments (Fig. 1) . A comparison was made between the mean score in the SST between the group of patients with an initial cranio-caudal distance ≥2.0 cm and the group with a shorter distance between the fragments. The score was significantly lower in the first group compared to the latter.
Based on the results of our study we suggest that patients with an isolated OV>15% or DS>2.3 cm should be considered as candidates for surgical management and the same holds for those showing an OV≥13% associated with a DS≥2 cm.
The reasons why a severe shortening and angular deformity of the clavicle are associated with an unsatisfactory outcome have been ascribed to the fact that anatomical deformities of the clavicle may alter the position of the glenoid fossa, that in turn may affect glenohumeral mobility and scapular rotation with resulting discomfort and dysfunction of the shoulder girdle [3, 10, 16] . These clinical findings have been supported by experimental biomechanical studies showing that shortening and axial malposition of the clavicle cause various types of glenoid fossa positional changes that may lead to functional deficits in abduction, particularly overhead motion [7, 17] . These observations compare well with the findings of mild to severe decrease in shoulder motion, particularly in overhead abduction, in those patients in our series who had severe clavicle shortening or angular deformity.
In our series there were five cases of pseudarthrosis, three atrophic and two hypertrophic. Three patients were females and two males aged, on average, 56 years. These figures compare well with those in recent studies [5, 8, 9, 13] . We did not find any significant correlation between the presence of pseudarthrosis and the overlapping of the fracture fragments or the cranio-caudal distance between the displaced fragments. In fact, the mean OV in pseudarthroses was 1.49 cm compared to 1.29 cm in patients with a healed fracture, and the mean DS was surprisingly less in patients with pseudarthrosis (1.40 cm) compared with those with a healed fracture (1.29 cm). Similarly, the presence of a third fragment did not appear to predispose to failure of fracture healing. These findings suggest that other factors may play a predisposing role in nonunion of the fracture. These factors are probably related, at least in part, to the patient's sex and age or a too short a period of immobilisation of the fracture. In fact, the only patient who was immobilised for only three weeks developed pseudarthrosis.
The number of pseudarthroses in our cohort of patients is lower (5.5%) than that observed in the group of conservatively treated patients (14%) in a study comparing cases treated either conservatively or surgically [13] . However, in the latter study the proportion of pseudarthosis in patients undergoing surgery (3.5%) was lower compared to those managed conservatively as seen in the patients in our series. This suggests that surgery reduces pseudarthrosis. However, excluding nonunions, surgery implies a high rate (37%) of other minor or major complications, such as local infections, hardware irritation requiring removal or premature hardware failure [13] . This high number of complications should be borne in mind when considering surgical management, particularly in patients in whom the need for operative treatment is not absolute. A limitation of our retrospective study is that the clavicle fractures were evaluated only with radiographs, which did not allow assessment of the amount of displacement of the fracture fragments on the anteroposterior plane. Such an evaluation can only be done in prospective studies using CT, in addition to radiographs, to evaluate the exact position of the fragments in all planes. Another fact which might also be considered a limitation is that 29% of patients (29 out of 119) in this study were lost to follow-up. However, it should be remembered that our patients were evaluated at a mean of 8.7 years after injury. In retrospective studies, analysing the results of treatment after such a long mean time, it is inevitable that some of the original patients cannot not be traced.
In conclusion, our study suggests that there is an indication for surgery in patients with shortening of the clavicle greater than 15% or cranio-caudal displacement of the fragments greater than 2.3 cm and in those with shortening ≥13% associated with fragment displacement ≥2 cm on radiographs taken at 1.2 m from the X-ray beam. This holds particularly for young or middle-aged patients with high functional demand. When making the decision for surgery, much attention should be paid to the patient's psycho-physical features and expectations, as well as age and gender since young or middle-aged women tend to be more easily unsatisfied by a poor cosmetic result.
